A number of methods may be used to follow the digestion of proteins by trypsin (1). Since we were primarily interested in the proteinsplitting enzyme, the methods for measuring the activity were chosen so as to be limited as much as possible to the changes in the protein itself rather than the later steps in the digestion. This is all the more necessary in the case of trypsin since it is known that digestion of proteins by crude pancreatic extract consists of a series of reactions. The first detectable change in protein solutions caused by proteolytic enzymes is a marked change in viscosity of the solution. This is followed by the appearance of nitrogen in a form not precipitated by trichloracetic acid and also by an increase in the number of carboxyl and amino groups. The change in viscosity is probably entirely due to changes in the protein itself and so measures only the hydrolysis of the protein.
ml. N/50 alkali, which is close to the error of titration. Complete destruction of the casein could therefore occur before any increase in titration could be accurately determined even with N/50 alkali. This fact has led to the statement (3) that there is a purely physical change in protein solution not accompanied by any chemical change. It follows, on the other hand, that an increase in titration of 9 ml. N/50 sodium hydroxide (equivalent to 0.9 ml. N/5) must represent the appearance of 100 new carboxyl (or amino) groups. It is evident, therefore, that the increase of formol titration, if carried out with N/5 alkali measures principally the later stages of digestion and even if carried out with N/50 alkali can hardly be considered as the result of hydrolysis of the protein itself.
Any method of expressing enzymatic activity, to be significant, must yield figures which are independent of the concentration of the enzyme solution used. In general the amount of change caused by the enzyme is only proportional to the enzyme concentration in the early stages of the reaction and for this reason, in addition to the relation to the protein, the determination must be restricted to the initial stages. The activity units used in the present work, therefore, are defined in terms of the initial slope of the reaction curve. The determination is confined to that portion of the digestion curve which is a straight line, within the experimental error.
Evidence has frequently been presented to show that there are several proteolytic enzymes in pancreatic extract (4) which differ in their relative speed of hydrolysis of various proteins, especially gelatin. An enzyme especially active in the hydrolysis of gelatin was found to be present (5) in crude pepsin preparations. In order to detect such effects it is advisable to use various proteins. In the present work, therefore, the activity has been determined by the change in viscosity of gelatin and casein solutions, the increase in formol titration of gelatin solutions, and the increase in formol titration, and in the appearance of non-protein nitrogen in casein solutions.
The activity has been defined in terms of the reaction rate as follows (all reactions were carried out at 35.5°C. The specific activity of the various preparations is then defined as the number of units of activity which would be observed when a quantity of the enzyme preparation containing 1 mg. protein nitrogen was present in 5.2 (viscosity method) or 6 ml. of the digestion mixture. The specific activity is abbreviated as [T. U.]m~N. etc. (6) Willstiitter's unit of tryptic activity is defined as a titration of 1.0 ml. N/5 KOH required for 10 ml. 3 per cent casein solution after 20 minutes digestion at 30°C., which is equivalent approximately to 0.01 milliequivalent per minute per 10 ml. 3 per cent casein. This is about 1/100 of the unit used in this paper. Actually the activity of the purified fraction cannot be determined by Willstiitter's method, since as discussed above, the form of curve is entirely different (7) from that obtained with crude preparations and the maximum increase, which it is possible to obtain under these conditions, is less than 1.0 ml. N/5 alkali.
Relation to Wiltstiitter's Activity Unit

Preparation of Standard Protein Solutions
pH 4.0 Gelatin.--lO0 ml. ~/1 acetate buffer pH 4.0 added to 250 ml. saturated ammonium sulfate and made up with water to about 800 ml. 30 gin. air-dry isoelectric gelatin (8) (25 gin. by dry weight) added and the suspension allowed to stand at room temperature for about ½ hour, the volume made up to 1 liter and the gelatin dissolved by warming to 45°C., a few crystals of thymol added, the solution filtered through hard paper into a number of 150 ml. flasks, and stored in the ice box. pH 7.6 Gelatin.--50 gin. of isoelectric gelatin added to 1 liter ~/10 pH 7.6 phosphate buffer -t-3 ml. 5 molar sodium hydroxide. The suspension is allowed to stand at room temperature for about ½ hour and the gelatin dissolved by warming to 45°C. Thymol is added and the solution stored in the ice box. Technique of the Determination.--In general the determinations were carried out in the same way as already described for the determination of pepsin (9) so that it is not necessary to repeat the detailed procedure. Viscosity Determination.~.2 ml. of the enzyme solution in -~ saturated ammoninm sulfate, made up in pH 4.0 acetate, or ~/10,000 hydrochloric acid, is added to 5 ml. of the standard gelatin, or casein, solution previously warmed to 35.5°C., poured into the viscometer and the viscosity determined at short intervals. The viscosity is then plotted against the elapsed time and the per cent change in the specific viscosity per minute calculated from these curves. The curves obtained in this way with crystalline trypsin are shown in Fig. 1 , and the calculation of the specific activity shown in Table I .
Casein Non-Protein Nitrogen.--1 ml. of different dilutions of the enzyme solution are added to a series of tubes containing 5 nal. of the standard casein solution previously warmed to 35.5°C. and digestion allowed to proceed for 20 minutes. 5 ml. of 10 per cent trichloracetic acid is then added. The suspension is filtered and the total nitrogen determined on 5 ml. of the filtrate. The curves determined in this way with crystalline trypsin are shown in Fig. 2 , and the calculation of the specific activity from the initial slope is shown in Table II . The value obtained in this way for the activity is independent of the time and also of the quantity of III enzyme used provided the observed change is within the initial portion of the curve which is nearly straight; i.e., that part corresponding to a titration of less than 5 ml. N/50 alkali• Mg.
L 6 o~"
Casein-Formol
I t I
.010 .012 Z)14 ,016
.018
.020
TPypsin lFIG. 3 . Increase in formol titration in 6 ml. standard casein or gelatin digestion mixture with crystalline trypsin.
Casein Formol or Gelatin Formol.--These determinations are carried out in the same way as for non-protein nitrogen except that the entire solution is titrated with N/50 alkali in the presence of formaldehyde, as described in the pepsin determinations? Curves obtained with crystalline trypsin and casein are shown in Fig. 3 , and the calculation of the specific activity from these curves in Table III . Curves obtained with crystalline trypsin and gelatin are shown in Fig. 3 , and the calculation of the activity in Table IV . These curves were obtained by using different quantities of enzyme for the same time, but precisely the same curves could be obtained by determining the amount of digestion with a constant quantity of enzyme for different times. This peculiarity is due to the fact that the amount of digestion is determined by the product of the enzyme concentration and the time, and a given value for this product represents a constant amount of digestion no matter how the enzyme concentration or time is varied provided the product remains constant.
2 The titration when carried out in this way gives figures which are about 10 per cent lower than those obtained by Willst~ttter's alcohol method (Rona, p. 307) .
Rennet Action.--The effect on the clotting of milk was determined precisely as described for pepsin (9) .
Effect of the Clotting of Blood.--The method of Wohlgemuth as described by Rona (10) was used. It consists in determining the quantity of enzyme necessary to cause the coagulation of 3 ml. of .alo/10 dilution of magnesium sulfate plasma. The diluted plasma was brought to 0~0ff.rholar calcium chloride as the enzyme was not active in the complete absence of calcium.
Amylase Determination.--Amylase determination was carried out essentially as described by Willst~itter (11) except that instead of titration, the quantity of enzyme required to destroy the blue color with iodine was determined.
Lipase Test.--Olive oil was stirred with an equal volume of 10 per cent sodium carbonate solution and then washed in a separatory funnel with water. A sample of the emulsion gave a slight pink color with phenolphthalein. 1 ml. of enzyme solution, 0.8 ml. of glycerin, and 8 ml. of emulsion were mixed. 1 drop of phenolphthalein added and the emulsion titrated with ~r/10 sodium hydroxide to color of a phenolphthalein standard. The suspension was then left at 30°C. for 3 days and titrated with N/10 sodium hydroxide to a deep pink color.
Erepsin.--1 ml. of the enzyme solution was added to 5 ml. M/10 pH 8.0 glycylglycine and the increase in titration determined after 24 hours.
Enterokinase Solution.--The enterokinase solution was prepared according to Waldschmidt-Leitz (12) . The glycerin extract of dried pancreas was prepared according to Willst~itter and Waldschmidt-Leitz (13).
Determination of Protein Nitrogen.--Since most of the solutions used in these experiments contained ammonium sulfate it was necessary to determine the protein nitrogen rather than total nitrogen. 5 ml. of the sample was mixed with 5 ml. of either 5 per cent or 20 per cent trichloracetic acid, the mixture warmed to 70°C. for 10 or 15 minutes, and then allowed to cool to room temperature. The suspension was filtered through hardened paper (No. 575, S. and S. 5 ½ cm.) and the precipitate washed with 2.5 or 10 per cent trichloracetic acid until the filtrate gave no test for ammonia with Nessler's reagent. The precipitate was then washed with a fine stream of distillled water into Kjeldahl flasks and the nitrogen determined as usual.
Micro Kjeldahl Determinations.--Micro Kjeldahl determinations were done as previously described (14) except that 2 drops selenium oxychloride (SeOC12) is used instead of the mercuric oxide, as suggested by Lauro (15) . It is, therefore, not necessary to use the sodium hypophosphite solution.
The method of phosphorus determinations described by SiSrensen (16) was used.
Method of Solubility Determinations.--The same general methods were used as already described in the case of pepsin (14) .
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